HE characteristics of myoglobin ifz citro have been demonstrated to be those of a respiratory pigment, but the role of myoglobin ilz vivo has yet to be fully established. The literature to date affords two substantiated concepts with regard to its physiologic muscle as a distinct heme pigment, nature; namely, and that it may that myoglobin exists in striated act as a short-time oxygen store in the cell to tide the muscle over from one contraction to the next (I).
The study here reported was undertaken to determine whether or not myoglobin plays a part in the adaptation response of the organism to chronic hypoxia. Specifically, the study was designed to elucidate the physiologic effect of high altitude hypoxia on disclose the myoglobin concentration in specific muscles of albino rats, and to the extent, if any, of parallelism between changes in the myoglobin content of muscles and the increase in hemoglobin content of blood which occurs because of altitude hypoxia.
EXPERIMENTAL
Albino rats were subjected to a simulated altitude of 25,000 feet for four consecutive hours daily, from 12 to 312 days. The condition of the animals and their adaptation response to exposure were ascertained by periodic physical inspection, and by body weight, blood hemoglobin content and hematocrit determinations. The hematocrit values were obtained with Van Allen tubes. Hemoglobin concentrations were determined by hemolyzing one part of whole blood from the tail in 250 parts of distilled water, centrifuging, and measuring the densities of the resultant solution of oxyhemoglobin with a Beckman Spectrophotometerl at the wave lengths 5100, 5410, 5600 and $770 A. The value for hemoglobin recorded was the average concentration calculated from the four densities for the wave lengths above, using the specific extinction coefficients for oxyhemoglobin at those wave lengths determined by Horecker (2) .
Except for the daily periods spent at altitude, the exposed animals and their designated controls were caged together and kept on the same diet, to which they had unrestricted access. After specific periods of exposure to simulated altitude, pairs of experimental animals and their controls were killed. The gastrocnemius and soleus muscles were dissected out and analyzed for their myoglobin and hemoglobin contents by methods of analysis (3, 4) reviewed here insofar as they pertain to the data presented. January Ig4g
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The tissue sample was frozen in dry ice and hammered to a fine powder.
A weighed amount of the powder was hemogenized with a known volume of distilled water (3) in the ratio 1.2 to 2.4 gm. of sample per fo ml. H20. The homogenate was centrifuged to remove the extracted meat residue, and the supernatant (pH 5.9-6.2) decanted and heated rapidly in a water bath to a temperature of 53-55'C. Within the limits of $H and temperature stated, proteins producing turbidity in the supernatant were coagulated and removed by centrifugation and filtration without significantly affecting the concentration of myoglobin in the extract (4).
The cleared extract was buffered with M/z phosphate buffer pi 7.1-7.2 and divided into two portions.
a) The chromoproteins in one portion were oxidized by the addition of a few particles of powdered potassium ferricyanide, and converted to cyan-metmyoglobin and cyan-methemoglobin by the addition of a small crystal of KCN, The sum total of myoglobin and hemoglobin in the mixture was calculated from the density of this preparation at the wave-length 540 rnp by means of the D formula, c = EyL X d.f., where c is the total concentration of chromoproteins in moles or equivalents per liter, D is the optical density of the solution at 540 rnp, E is Drabkin's molar extinction coefficient 11.3 X 10~ for cyan-metmyoglobin at 540 my (5), L is the thickness of the absorbing layer, and d.f. is the dilution factor due to buffering.
b) The chromoproteins in the second portion were reduced with dithionite in an atmosphere of carbon monoxide to convert the chromoproteins to a carbonyl-myoglobin and carbonyl-hemoglobin mixture;2 and the absorption of the preparation in the visible range was studied for indications of chromoprotein denaturation and, in their absence, for the specific wave-length densities required to calculate the heme pigment fractions in solution ( fig. I) .
The molarities for the individual hemoglobin and myoglobin components of the extract were calculated from the densities at the wave lengths 568 rnp and 538 rnp, by means of the formulas, D5a3 where 17,000 is the equivalent weight assumed for Mb and Hb, and w.f. is the fraction of a liter equal to the sum of water used to transfer the powdered tissue sample to the homogenizing tube plus 75 per cent of the sample weight, assuming that 75 per cent is the water content of the muscle sample (7)
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exposure. To make the findings for all pairs directly comparable, the concentrations of myoglobin for each exposed animal and for its specific control are expressed in the form of a whole number ratio ( for two or more pairs of animals gives an index to the relative changes in myoglobin concentration due to the differences in time spent at altitude.
With suitable modifications of the method reviewed above, analyses were made also of the hearts of animals numbered 6 to 12 in this study.
Refinement of the modified method for rat heart analysis was carried to a point where significant but only roughly quantitative results were obtained .3 These preliminary data appear to 3 Modifications in the method described were required to make it applicable for the analysis of heart muscle. a) Heat coagulation of the interfering proteins in a water extract of cardiac muscle does not take place within the temperature range given above for skeletal muscle extracts. This is due in part to the greater alkalinity of the heart extract (PH 6. Despite the significance of a study of myoglobin in heart muscle, this was not the primary purpose of the investigation.
As a consequence, and because of apparent corroboration by the preliminary findings of observations already published, further attempts at methodologic refinement for more precise quantitative estimations of cardiac myoglobin were postponed.
The observations made pertaining to cardiac myoglobin concentration and the implications drawn from these observations are These changes in the albino rat following altitude exposure have been dealt with intensively by other investigators (9-12).
The uniformity of these changes in the exposed animals was such that the data for a single pair, given in table I, may be regarded as typical.4 Increases in the red cell hematocrit values and hemoglobin concentrations began soon after exposure to altitude was initiated, and continued for approximately 6 to IO weeks during the course of exposure before showing indications of having reached a steady state. There were no exceptions to the trend of these changes in any of the exposed animals. gastrocnemius and soleus muscle .2). b) The absorption spectra for cardiac muscle extracts differ from those of the gastrocnemius and soleus to an extent requiring correction for chromoprotein absorption other than that due to myoglobin and hemoglobin. 4 These animals are listed as 6X (exposed) and 6C (control) in The concentration of blood hemoglobin in the tissue extracts of animals exposed to altitude increased progressively with the duration of altitude exposure and paral- Although absolute values are used to express the concentration of 'tissuetrapped hemoglobin', these values should be considered only as roughly quantitative in significance. They do demonstrate that, all other conditions being the same, the animal with polycythemia had an increased amount of red cells trapped in its muscle sample at death as compared with the control; the amount of hemoglobin present having a positive correlation with the duration of altitude exposure and red cell volume increase.
Changes in Myoglobin Concentration
I. Gastrocnemitis and soleus muscles (table 2, ~01s. 5 and 6). The analyses of the animals with I 52 days or more of altitude exposure all show marked diminution of myoglobin concentration in the gastrocnemius and soleus muscles, regardless of the sex of the animal or the age at which exposure was initiated.5 No significant change in myoglobin concentration could be demonstrated for the group with an exposure period of from 12 to 47 days however.
It is interesting to note that of all the analyses made, the lowest myoglobin concentration in leg muscle was obtained on analysis of rat 13X (table 2) . This one animal died during an exposure period at 25,000 ft. in the altitude chamber, after 198 days of previous exposure.
2. Cardiac muscle. The hearts of all exposed animals were grossly hypertrophied as evidenced by their size and weight. This condition due to altitude hypoxia has been previously described (9-12).
Heart analyses for changes in myoglobin concentration were made only for the animals numbered 6 to I 2, of the group with 152 or more days of altitude exposure. In every instance the concentration of myoglobin per gram of heart muscle was significantly higher in the exposed animal than it was in the control. The findings therefore indicate both an increased concentration of myoglobin per gram of heart muscle, as well as an increase in the total content of cardiac myoglobin for the exposed animal.
DISCUSSION
The contrasting points of significance enumerated above may be summarized as follows :
I. There is no demonstrable change in concentration of myoglobin in the gastrocnemius and soleus muscles of rats exposed to altitude anoxia for periods up to 47 days, under the experimental conditions described. However, marked increases in blood hemoglobin concentration and circulating red-cell volume do occur during those periods.
2. There is a marked decrease in myoglobin concentration in the gastrocnemius and soleus muscles of rats exposed for 152 days or longer. However, the blood hemoglobin concentration and red-cell volume, after continuously increasing during the first 6 to IO weeks of exposure, remain fairly stable thereafter and show little sig- n&ant variation during the period of exposure in which a reduction in concentration of leg-muscle myoglobin is observed. 3. Heart tissue analyses indicate an increase both in content and concentration of cardiac myoglobin in the rats exposed to altitude anoxia. Analyses of skeletal muscle, on the other hand, show a markedly decreased myoglobin content following prolonged exposure.
Exposure to anoxia was made in a manner that called forth no increased activity from the gastrocnemius and soleus muscles of the rats at altitude. In fact, the possibility is present that activity of those muscles may have been somewhat inhibited by chronic intermittent anoxemia. It has even been reported that skeletal muscles under anoxic conditions have a greatly lowered capacity for energy production; in other words, they are capable of much less work at altitude than at sea level (13a).
Cardiac activity, on the other hand, is greatly augmented by exposure to anoxia; at first by a physiologic demand for an increased heart rate and cardiac output and, subsequently, by the added burden of an increased blood viscosity which is only partially compensated for by changes in the vascular system. The high red cell volume and hemoglobin content of the typical example in table I illustrate this hemodynamic burden imposed on the heart by prolonged altitude exposure. The cardiac hypertrophy observed in all exposed animals demonstrates a phase of the adaptation response to the increased activity imposed by these factors on the heart. Since myoglobin content of striated muscle increases with muscular activity (IJa, I 5>, contrasting variations of myoglobin content in skeletal and cardiac muscle following altitude exposure, as well as the findings noted in I, 2, and 3 above, suggest: a) that changes of myoglobin concentration in a specific muscle arising after exposure of an animal to anoxia depend on the change in activity of that muscle due to the effect of the anoxic environment on the animal; and b) that myoglobin concentration is not altered by the mechanism causing hemoglobin variations, nor do observed changes in myoglobin concentration appear to be direct anoxic adaptation responses.
An investigation by Whipple (14b) demonstrated that there is no direct parallelism between the hemoglobin and myoglobin concentration in dogs following severe anemias experimentally induced and prolonged by repeated bleedings. The present investigation indicates that the lack of parallelism between changes in concentrations of hemoglobin and myoglobin extends also into the range of polycythemia due to altitude exposure.
Hurtado and his associates, on the other hand, report that parallelism does exist between the myoglobin level and the hemoglobin level in polycythemia of altitude observed in dogs. They suggest that a myoglobin increase in such cases represents an important mechanism of adaptation to chronic anoxemia at the tissue level (8).
Their observations, made on dogs native to altitudes of 12,300 and 14,890 feet, cannot be compared directly with those (herein reported, because of the obvious differences in the method of exposure to altitude, the altitudes at which exposure was made, the difference in species of animal used etc. Dill has occasion to mention the adaptability and phenomenal capacity for activity of dogs at high altitude (13b) . The differences in our findings thus may be due in part to the different capacities MYOGLOBIN AND ANOXEMIA s= for activity at altitude of the animals employed. Nevertheless, the interpretation of Hurtado et al. that an increased concentration of myoglobin in dogs at altitude may represent a mechanism of adaptation to a condition of chronic anoxia, is one that cannot be reconciled with the findings here reported.
SUMMARY
A study was made to determine whether or not myoglobin plays a part in the adaptation response of an organism to chronic anoxemia. Quantitative estimations of the myoglobin in specific muscles were made on a series of albino rats exposed regularly but intermittently to a simulated altitude of 25,000 feet, for 12 to 312 days. The method of analysis employed is one which permits quantitative determinations of myoglobin to be made on extracts of unperfused muscle containing hemoglobin.
The data obtained indicates no direct relation between changes in myoglobin concentration and adaptation to a condition of altitude hypoxia. Skeletal muscle, in which activity is not enhanced by anoxia, eventually showed a decreased myoglobin content following prolonged altitude exposure; whereas cardiac muscle, in which activity is enhanced by anoxia, apparently showed an increased myoglobin content. These changes tend to indicate that the myoglobin content of a muscle is determined by muscular activity rather than by anoxia, even in an anoxic environment.
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